Background: Childhood injury is the leading cause of mortality, morbidity and permanent disability in children in the developed world. This research examines relationships between socio-economic status (SES), demographics, and types of childhood injury in the province of Alberta, Canada.
Background
Childhood injury is a major public health concern throughout developed countries and is the leading cause of mortality, morbidity and permanent disability in children Injury-related mortality rates among Canadian children and youth are second highest out of eight industrialised countries, and only the United States has a higher rate of injury related deaths among children [1] . It is apparent that some children are more at risk for injury than others, especially those from lower socio-economic families [2, 3] . The causes of this additional vulnerability include a complex array of behavioural, social, and environmental factors.
The first goal of the present study was to examine injuryrelated outcomes beyond mortality. While many studies have examined injury mortality among children [4] [5] [6] [7] mortality is only the tip of the injury pyramid. Other, more common, outcomes of injuries include major trauma with prolonged hospitalisation and rehabilitation along with use of emergency room and primary healthcare services. For example, in 1995, 1,397 Canadian children and youth (0-19 years of age) died as a result of injuries, while fully 47,228 were hospitalised for injuries [2] . Childhood injuries treated at home and in schools are even more common and define the base of the injury pyramid [8] . We believe that a comprehensive and complete description of childhood injury has yet to be definitively established, because most research on this topic emphasises mortality rather than these other, more common outcomes. Thus, the present study focused on all children who presented for a physician consultation, either in a physician's office, outpatient department, emergency room and/or as a hospital inpatient, in a year.
Another limitation of previous work in this area is that most studies of childhood injury have examined either overall rates of injury [5] , specific causes of injury [7] , or have narrowly focused on one particular type of injury [9] . One exception was Brownell et al.'s study [10] , which divided childhood injury into 14 categories based on external cause of injury. We believe that a comprehensive and complete description of childhood injury would also be facilitated by examining a variety of different injury types. Thus, the second goal of the present study was to examine different types of child injury in Alberta by analysing International Classification of Diseases, 9 th . Revision (ICD-9), codes [11] in relation to physician consultations.
The third goal of the study was to examine relationships between socio-economic status (SES) and childhood injuries. There is growing evidence that lower SES is associated with injury mortality among children [4] [5] [6] [7] . Socio-economic status refers to one's social and economic position in society, and is often expressed using ordinal scales (e.g., income, occupation or educational level obtained). However, the process of choosing the most appropriate SES indicator is difficult and consequently, the variables used to define SES vary from study to study. Unfortunately, few countries have adequate data relating childhood injury to SES [3] and, to date, there have been no studies addressing specifically the relationship of SES and childhood injury in the province of Alberta. While most studies operationalize SES using an ecologic measurement, i.e., census data [12, 13] , a recent study [14] suggests that this approach tends to reduce differences when compared with individual measures of SES. In the present study, our dataset tracked all children's visits to a physician and itemised the payment status of the Alberta provincial health insurance plan which can be used as a proxy indicator for individual level SES. Thus, the present study used payment status as a proxy indicator for individual-level SES.
When examining environmental factors associated with childhood injury the location of the home may be an important factor. Brownell et al. [10] reported that children living in rural Manitoba had significantly higher rates of hospitalisation for injuries than those living in the urban Canadian city of Winnipeg. The final goal of the present study was to determine whether there were similar urban/rural differences in the province of Alberta.
Research Questions
The administrative health database used in the present study allowed us to analyse all physician consultations and types of injury among children in a 12-month service period. We performed secondary analysis of this database to address four research questions: (1) Are children of lower SES more likely to present for a physician consultation with an injury compared to children with higher SES? (2) What is the relationship between different types of childhood injury and the child's SES? (3) What is the relationship between the different types of childhood injury and different types of healthcare premium subsidy? and (4) Are there differences in the number of childhood injuries between those living in rural and urban Alberta?
Methods
Alberta, Canada is a culturally diverse, prairie province with a population of about 3 million. About 75% of its population live in urban centres. The province has an abundance of natural resources and has one of the strongest economies in North America. The province of Alberta maintains a publicly-funded universally available healthcare system for all residents of the province. All adults in the province of Alberta and their children are required to register with the Alberta Health Care Insurance Plan (AHCIP). While members of the military, Royal Canadian Mounted Police and federal inmates are excluded from the AHCIP, their dependents are required to register. It is estimated that >99% of eligible children are registered with Alberta Health and Wellness (AHW) [15] . For this study, secondary analysis was performed using data from AHW on all children who had injuries treated by a physician during a one-year period. By examining diagnoses recorded in the Provincial health administrative database, this cross sectional study identified differences in age, gender, rural/urban residence and SES for children who sought a physician's consultation for an injury from those that visited a physician for another reason. These data also allowed for an examination of these variables in relation to different types of injuries.
Participants
The study population consisted of all children, age 0 to 17 years, registered with the AHCIP, who were seen by a physician during a fiscal year (1995-96) either in a physician's office, outpatient department, emergency and/or as a hospital inpatient.
Procedure
This study received ethical approval from the Health Research Ethics Board at the University of Alberta. Two administrative data sets were received from AHW: service data and registration data. The service data contained the following elements: service start date (April 1 st 1995 through March 31 st 1996, inclusive), primary diagnosis, service location, and a unique patient identifier. The registration data contained information about the gender of the child, integer age as of March 31 st 1996, postal code, healthcare insurance premium status, and a unique identifier. These two data sets were merged using the unique identifier as the common denominator.
Measures

Place of residence
To determine the child's place of residence, postal codes were examined. A postal code with a 0 as the second character denotes a rural address (classified as less than 4000 points of call); the remainder were classified as urban.
Socio-economic status
A measure of SES was derived from the AHCIP premium subsidy eligibility information. Alberta charges a healthcare insurance premium and provides reductions of this premium for low income Albertans. Non-payment of the insurance premium does not impact a person's ability to access necessary care. Three low SES variables were defined. First, individuals or families who have a low income qualify for partial or total healthcare premium subsidies. Second, First Nation's children who have Treaty status (i.e. people registered under the Indian Act of Canada) have their healthcare premiums paid for by the Federal government regardless of their income, but were included in the low SES group as they live in an environment where poverty is common. Third, families living on welfare, have premiums waived and are supported by social services (Alberta Department of Human Resources and Employment). The qualifying levels for the premium subsidy in the benefit period July 1 st 1995 until June 30 th 1996 were based on the 1994 adjusted taxable balance; a family with a taxable income of $7,500 or less received a full subsidy, a partial subsidy was granted if the income was between $7,501 and $12,620 [16] . The three categories of families who received a subsidy (where the premium was partly or totally paid), who were of Treaty status, or were supported by social services (families on welfare), were grouped together as receiving a subsidy and were classified as low SES (n = 170,942), and those that had received no financial assistance with healthcare premiums were classified as receiving no subsidy and were classified as the normal SES level (n = 578,982).
Injury
Injury episodes were classified using the World Health Organization International Classification of Diseases, 9 th . Revision, codes 800 to 999 [11] . These injuries were then collapsed into 13 revised codes to define patterns of injury and allow for a simpler description of injury types [17] .
Analysis Plan
Secondary analysis of the data was performed using the Statistical Package for Social Sciences (SPSS) 10 and Stata. Three types of analyses were conducted: (1) rates of injury, calculated using the number of events for a specific injury type as the numerator and the number of children potentially exposed to injury as the denominator, (2) the relative frequency of each type of injury, calculated as a proportion of total injuries, and (3) logistic regression to determine the relationship between injury and SES and rural/urban status and SES after adjustment for age and gender. Table 1 outlines demographic characteristics of children who were registered with Alberta Health and Wellness during the 1995-96 fiscal year. A total of 182,759 children were seen by a physician for an injury one or more times during the year, a 24% subset of 749,924 registered children.
Results
Demographic Characteristics
Overall Injuries
Overall injury rates per 1000 children registered with AHW were calculated to compare injury in relation to age groups, gender, urban/rural residence, and SES (Table 2) . Injuries were more frequent among male children. In relation to age, injury rates were disproportionately lower in children less than 1 year, while disproportionately high in ages 15-17. Injuries were also more frequent in urban settings. There was little difference in injury rates between children receiving a premium subsidy (246.26/1000) and those not receiving a subsidy (242.95/1000), but injuries were less frequent in the sub-group receiving a partial or total premium subsidy, and significantly more frequent in the sub-groups receiving social services or with Treaty status (Table 2) . Table 2 indicates that injury rates were higher for males of all age groups. Figure 1 illustrates this finding and shows the differences in injury rates during the childhood years with the highest levels at ages 13-17 years and also higher rates at 2 years of age.
Age, gender and childhood injury
Age, residence and childhood injury
Children living in urban Alberta were treated for injury more frequently than rural children, particularly between 1 and 14 years of age (Table 2) .
Age, SES and childhood injury
Children from low SES families, up to age 9 years, experienced higher rates of injury than those from a higher SES (Table 2 ). In all age groups children living on welfare (social services) or of Treaty status had substantially higher rates of treated injuries compared with all other children.
Types of Injury
The frequency and rates of each of the 13 types of injury are shown are in Table 3 , which also presents the ICD codes used to define individual injury types. The great majority of records only contained one ICD9, and for the purpose of this study, if there were multiple codes only the first code associated with the injury was counted. The four most common types of injury listed in Table 3 accounted for 77.9% of all injuries. Figure 2 illustrates the four most common types of injury in relation to gender, stratified by age, which were seen by a physician. It is clear that male/female patterns vary by type of injury. Table 4 shows that for the most part boys were significantly more likely than girls to experience all types of injury except for poisonings (odds ratio [OR] = 0.86) and dislocations, strains and sprains (OR = 1.0). Odds ratios describing the age and sex-adjusted relationship of SES with all types of injury show that, for the most part low SES children (i.e. those receiving a subsidy) had OR's significantly greater than 1, with maximum OR's of 1.60 for poisoning and 1.35 for burns, but a lower OR for dislocations, sprains and strains (0.89) and no difference for fractures (0.98).
Relationship between SES, gender, and types of childhood injuries
The three sub-groups of healthcare premium subsidy were examined in relation to types of injury and for the most part children on welfare (social services) had OR's greater than other forms of subsidy (Table 5 ). Children with Treaty status had higher OR's than those from families receiving partial or total subsidy.
Relationship between urban/rural residence and childhood injury
Odds ratios describing the relationship between SES, urban/rural residence, and overall injury rates show that there was a relationship between SES and injury for children living in urban Alberta when adjusted for age and gender (Table 6 ). When the three sub-groups of healthcare subsidy were examined it was evident that children whose families were on welfare or of Treaty status had considerably higher injury rates regardless of urban/rural residence, while those receiving partial/total subsidies and living in a rural setting had a significantly lower OR (OR = 0.85) than all other children.
Discussion
The AHW administrative database provided a unique opportunity to study childhood injury in Alberta since it includes virtually all children in the province and all injuries treated by a physician regardless of the setting. In addition, every child had potentially the same access to the universal healthcare system.
The findings indicate only slightly higher overall rates of child injury between children ages 0-17 years from low SES and higher SES families, but the rates were significantly higher for children of low SES from ages 0 to 9 years. When the three healthcare premium sub-groups were examined an interesting relationship appeared. Children whose family was receiving social services or who were of Treaty status were much more likely to have injuries treated by a physician at all ages than those receiving partial or total healthcare premium subsidy and the latter group actually had similar or lower injury rates when compared to children receiving no premium subsidy.
Further examination of the database provided more insight into the relationship between various types of childhood injury and SES. Children whose families had partial or total subsidised healthcare premiums have a disproportionately increased incidence of all types of injury except for dislocations, sprains and strains, and fractures. When the healthcare premium sub-groups were examined children whose families were on welfare had higher OR's for all types of injury than those receiving partial or total subsidy and most types of injury were also more frequent in those of Treaty status. The differences were especially evident with burns, poisonings, and for those on welfare, internal injuries. Thus, for what might be equivalent low incomes, children on social services or having Treaty status had higher injury rates for most types of injury.
Speculation about the mechanisms underlying these findings could include differences in environments, such as, less safe housing and neighbourhoods, and perhaps reduced use of safety measures at home and in play [18] . Children from lower socio economic backgrounds tend to live in higher population density neighbourhoods with more traffic and fewer playgrounds. These risks are intensified by the presence of social conditions associated with poverty: single parenthood, teenage parents, lower levels of parental education, large family size, lack of affordable day-care, and drug and alcohol abuse. These factors may add to the stresses of parenting and reduce the knowledge and experience needed to provide a safe environment for the child. Therefore, it is not surprising that children from lower SES families are more at risk for childhood injury. A possible explanation for the lower rate of dislocations, strains, and sprains, and fractures among children of lower SES is that children of a higher SES may participate in more organised sports, and/or ride on snowmobiles, all terrain vehicles and cars, thereby leading to this type of injury. Interestingly, Lyons et al in Wales looked at fractures in children and concluded that although the rates were similar in both affluent and deprived areas, the causes were different with the more affluent areas having higher rates of sports related fractures and the poorer areas having more assault related injuries [9] . We can only say that in our study fractures were not significantly associated with SES. An examination of External Cause of Injury Codes (E-codes) would perhaps cast light on our observation, but E-codes were not recorded in this data set.
The findings from this present study appear to have uncovered an important reason for the variation in the literature on the relationship between SES and childhood injury. Most studies examining SES and injury have found a relationship between poverty and injury [12, 13, [19] [20] [21] [22] . The finding is not universal; others have found no evidence of a relationship. For example, Addor et al demonstrated that socio-economic factors did not influence the occurrence of injury [23] , and Larson et al. also showed no increase in risk of injury from children of lower income [24] . Our study, examining the type of childhood injury along with the SES of the family and having virtually the entire population of children of the Province of Alberta, presents a clearer picture of the relationship. Children whose parents receive partial or total healthcare subsidies 
Age (years)
Rate per 1000 children treatment more frequently than the working poor [25] and these differences could contribute to the higher rates of childhood injury seen in this study.
Gender was a major factor to the pattern of childhood injury. After the age of one, males consistently presented for a physician consultation more frequently than females for all injuries. Information presented by Health Canada in the 1980's and 1990's indicated that more males were hospitalised and died from injuries than females in all provinces and territories [1] , and Spady et al. also showed boys were more likely to be injured in Alberta [17] . Further examination of the types of injury and gender, with adjustment for age and SES, showed that males were more prone to all types of injury apart from dislocations, sprains and strains, and poisonings; the latter being more significantly more common in females and supported by Spady et al. [26] . Further research is required to determine whether males are more prone to injuries because of the different nature of childhood activities or differences in impulsiveness.
The types of injury occurring at differing ages during childhood often reflect various aspects of physical and mental development that influence susceptibility to injury. Several observations were made when rate of injuries in relation to age were examined. Two of the major categories of injury, superficial injury and contusions, and open wounds, demonstrated a dramatic rise in incidence about the age of one. During the infant and toddler period of growth there is a rapid increase in motor development; and there is a drive for autonomy and curiosity about the environment, thereby exposing the child to injury [27] . Superficial injury then decreased slightly during the four to eight year old age range before peaking during the teenage years. Often, school-age children seek social and peer acceptance and will engage in risk-taking behaviour. This coupled with an inadequate perception of speed, distance and strength may explain the increase in relatively minor injuries for this age range.
The incidence of open wounds demonstrated a small increase in numbers but maintained an average rate of about 60-70/1000 children through the remaining years studied. Overall, the rates of childhood injury in Alberta during the fiscal year appear very high (e.g., about 300/1000 in the teenage years).
Comparison with other studies and publications has not been possible as this study has captured all injuries treated by a physician and previous studies have only looked at hospitalisations. When these data were examined in relation to the child's domicile, the analysis showed that injuries were more frequent in urban Alberta and in urban children with lower SES. The latter finding is supported in part by a previous study performed in Manitoba during 1994-1997 which indicated that injury hospitalisation among children living in low income areas of Winnipeg was 2.5 times higher than in the higher income areas [10] . The present study showed no relationship between SES and injury if the child lived in a rural community in Alberta. However, when the three sub-groups of subsidy were examined separately, children from families receiving partial/total subsidies and living in a rural setting had lower injury rates than other children for reasons that are not clear. Further research is required to determine why this group of children presented less frequently to a physician for an injury.
Limitations to the use of retrospective data depend on what data were collected and how it can be utilised. Unfortunately, there was no means available to determine the mechanisms of the injury with these data. However, these constraints are outnumbered by the advantages of utilising data that includes the individual economic status (healthcare premium payments); utilisation of diagnostic codes (number of times the healthcare system was accessed for injuries); and domicile of the child (rural/ urban residence). Therefore, ecological fallacies were negligible in this study due to the individualisation of the data. This study was not able to differentiate between the "very poor", the "near poor" (families that do not qualify for healthcare premium subsidies) and those families with adequate incomes. However, there were distinct differences between children receiving welfare and the nonwelfare poor (premium subsidy). It was recognised that Treaty status is not necessarily an indicator of poverty; the federal government pays the healthcare premium regardless of the person's income. First Nation people with Treaty status may be wealthy but often live in an environment where poverty is common. This study only counted one type of injury per episode; clearly, some of the injuries could be multiple. The data used for this study reflects only on children who were treated by a physician for an injury and obviously some injuries were treated at home. Children from lower SES circumstances, who sustain a minor injury, may be less likely to be brought in for physician treatment than their higher SES counterparts. Also, families in rural areas may be less likely to travel long distances to obtain treatment for a suspected minor injury than those of children living in urban domiciles. Therefore we are probably underestimating the true rates of injury. However, the opportunity to examine an individual level indicator of SES, with the possibility of moderate inaccuracies, outweighs the reduced reliability of aggregate data usage. Finally, healthcare services in Canada are universally accessible and because AHW is responsible for reimbursing physicians for consultations, the physician billing information was a reliable data set.
Conclusion
The links between poverty and childhood injury are complex. The examination of this administrative database has highlighted some important patterns of childhood injury. Most types of injury were more frequent in children of lower SES. Analysis of the three types of the healthcare premium subsidy allowed a more comprehensive picture of childhood injury with children whose families are on welfare and those of Treaty status presenting more frequently for an injury-related physician's consultation than other children. Age and gender were also major influences on the rates of childhood injury. Injuries were more frequent in urban Alberta and in urban children of lower SES. Injuries cause much pain and suffering for children as well as their families and this is especially true in areas of socio-economic deprivation.
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